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ABSTRACT
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With the rapid development of new concepts and new technologies, such as Internet
of Things, large data, cloud computing, artificial intelligence and so on, the level
of ship automation has been improved continuously. This paper takes a brief look
at current status of MASS. Various kinds of definitions, different projects and
different efforts taken by different organizations are introduced. Development
impetus is analyzed from economy, safety and green shipping aspects. Technical
barriers in front of MASS and possible solutions are presented. This paper aims at
providing basic knowledge of MASS not only for people involved in shipping
industry but also for people just show interest on MASS.
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CHAPTER 1
INTRODUCTION

1.1 MASS--the new darling of the shipping industry

According to the latest statistics, more than 80% of global trade by volume being carried on
board ships and handled by seaports worldwide (UNCTAD, 2017). Shipping industry is still
playing the dominating role in world economy after the economic crisis. Nevertheless, shipping
has been a high-risk industry since the ancient times. During the period 2011-216, there were
a total of 18,655 accident reports, of which 16,539 involved casualties, 5,607 injuries and 600
deaths (EMSA, 2017). As to the causes of maritime accidents, Baumler noted that 60%-90%
of marine accidents are caused by human errors (Baumler, 2017). For the sake of safety of
shipping, human error cannot be ignored. Besides, Ma noted that manning cost is the single
biggest item in the total cost for many shipping companies (Ma, 2017).

At the same time, with the rapid developments of new concepts and new technologies, such as
Internet of things, large data, cloud computing, artificial intelligence and so on, the level of
ship automation has been improved continuously. To improve safety and reduce costs, the
assumption of replacing seafarers with AI robots has been supported by practical science and
technology. MASS, also known as intelligent ships and unmanned ships, has aroused great
interest in the shipping industry. At present, research institutes, enterprises and universities
from many countries are conducting research or testing MASS projects worldwide. At the 99th
meeting of MSC, which was held in May 2018, IMO deliberated proposals about MASS
submitted by member states and decided to establish a working group on MASS.

1.2 Objectives of research

Although MASS is attracting more and more attention from the shipping industry, there are
many unsolved issues. Firstly, what is the definition of MASS? Secondly, what is the current
status of MASS? Thirdly, what is the driving force for the development of MASS? Fourthly,
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what are the technical barriers in front of MASS? Finally, what actions should IMO and
member states take before the era of MASS? This paper aims at answering these questions.

1.3 Literature review and innovative points

Although there are many papers on MASS issues, the definition of MASS is still in chaos. No
universal definition is settled. As to the development impetus and technical barriers of MASS,
no comprehensive analysis is conducted in present papers. Also, with more and more testing
sites of MASS being constructed, regulatory supervision measures are virgin places to be
explored. The innovative point of this paper lies in the comprehensive analysis of current status,
development of impetus and technical barriers with detailed data and the results of previous
papers.

1.4 Methodology

This paper uses the literature research method. During the process of raising, analyzing and
solving problems, proposals, resolutions, circulars of IMO, research papers compiled by
domestic and foreign scholars, information from official website of relevant domestic and
foreign research institute, and news reports consist of the necessary literature. At the same time,
the completion of the dissertation is guided by the MASS research experts from DMU.

1.5 Structure of dissertation

This paper consists of five chapters. Chapter I introduces the background, purpose, methods
and structure of this paper. The second chapter introduces the definition of MASS, the current
status of MASS at home and abroad. The third chapter analyzes the driving forces of the
developing MASS from economy, security and green shipping requirements aspects. Chapter
IV analyzes the technical barriers in front of MASS. Chapter V is the conclusion of this paper.
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Through re-summarization of the full text, the paper lists key findings, suggestions and
limitations.
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CHAPTER 2
DEFINITION AND CURRENT STATUS OF MASS

2.1 Definition of MASS

MASS, also known as unmanned ships, intelligent ships, smart boats or remote control boats.
Different countries, institutions and scholars have different definitions. This paper selects
several representative ones.

2.1.1 Definitions of renowned classification societies

ABS defines autonomous ship as a marine vessel with sensors, automated navigation,
propulsion and auxiliary systems, with the necessary decision logic to follow mission plans,
sense the environment, adjust mission execution according to the environment, and potentially
operate without human intervention. (ABS, 2017)

The LR regards MASS as a cyber-enabled ship (cyber enabled ships), which is classified into
six levels from AL0 to AL5 according to the depth of the network function. (LR, 2016)

CCS uses intelligent ships instead of MASS, namely are ships which automatically perceive
and obtain information and data on ship itself, marine environment, logistics and port by
making use of sensors, communication, the Internet of Things, the Internet and other technical
means, and achieve intelligent operation in terms of ship navigation, management, maintenance
and cargo transportation based on computer technology, automatic control technology and big
data processing and analyzing technology, so that ships can become safer, more
environmentally friendly, economical and reliable (CCS, 2015).

2.1.2 Definition of research papers and forum
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Zheng and Bai define MASS as unmanned ships, which use a powered hull equipped with
communications equipment, control equipment, and special function equipment to carry out a
particular task. The remote control of the unmanned boat is mainly completed through a base
station on the ground or the control center of the mother ship. (Zheng & Bai, 2015)

Lang, Zeng and Zhao define MASS as a generic name for a type of ship that is directly
controlled by an autonomous navigation system or a shore-based center to maintain normal
navigation and operations without a crew member. (Lang, Zeng & Zhao, 2016)

An autonomous ship is a ship that has some level of automation and self-governance.
Automation is used as a general term for the processes, often computerized, that make the ship
able to do certain operations without a human controlling it. (NFAS,2017)

2.1.3 Definition of IMO

At the 99th session of MSC, which was held in May 2018, the IMO initially started to deal
with the regulatory issues of MASS. MASS is defined as a ship which, to a varying degree, can
operate independent of human interaction (IMO, 2018). The degrees of autonomy are
organized as follows:
.1 Ship with automated processes and decision support: Seafarers are on board to operate and
control shipboard systems and functions. Some operations may be automated.
.2 Remotely controlled ship with seafarers on board: The ship is controlled and operated from
another location, but seafarers are on board.
.3 Remotely controlled ship without seafarers on board: The ship is controlled and operated
from another location. There are no seafarers on board.
.4 Fully autonomous ship: The operating system of the ship is able to make decisions and
determine actions by itself.

5

2.2 Current status of MASS

2.2.1 Current status of MASS at abroad

2.2.1.1 MUNIN project of EU

From September 2012 to August 2015, eight institutes from Germany, Norway, Sweden,
Iceland and Ireland jointly launched MUNIN. The project conducted research on large
unmanned ships targeting unmanned bulk carriers, aiming at evaluating the feasibility of
operating an unmanned commercial ship in the open sea from technical, economic and legal
aspects. The total cost is 3.8 million €. Concepts such as advanced perception system,
autonomous navigation system, cabin autonomous detection and control system, and on-road
control center were verified in the reform project. In the end, the project concludes that there
are clear advantages in reducing the operational costs of shipping companies and reducing
pollutant emissions compared with traditional ships. (MUNIN, 2016)

2.2.1.2 "Yara Birkeland" project in Norwegian

According to the report, Kongsberg and the world's largest fertilizer manufacturer, Norway's
Yara Group and Marin Teknikk, jointly launched the world's first zero emission unmanned
ship project using electric propulsion in 2017. The project test ship "Yara Birkeland" was
designed completely in accordance with the unmanned ship model. There is no traditional
bridge and cockpit. The ship is 80 meters long and 15 meters wide with a capacity of 120 TEU.
By using batteries as a power source, the normal speed is 6 knots while the highest speed is 13
knots. With a completely new design, the ships do not have crew members ballast tanks. In
addition, the ship is equipped with an automatic mooring system, which requires no human
intervention for berthing and sailing. Kongsberg will be responsible for providing all key
energy technologies required by the "Yara Birkeland", including sensors and integration, as
well as electric drives, batteries and propulsion control systems. It is reported that the "Yara
Birkeland" will begin trial operation this year and will be used for fertilizer transportation on a
59.5-kilometer route in southern Norway. It will be put into operation in 2019. In the initial
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stage, the ship will be equipped with crew operations. It is expected that no automatic
navigation will be started in 2020. (Eworldship, 2017a)

2.2.1.3 The first MASS test area is officially operating in Finland
In August 2017, the world’s first test area of MASS, named as Jaakonmeri, was officially
operating in Finland. It was reported that this is the world’s first international test area and can
provide services for any sea transport, ship or related technology that wishes to test unmanned.
The test area is located in Eolajki, on the western coast of Finland, controlled and managed by
DIMECC. The longest side of the northern region is approximately 17.85 kilometers, and the
west side is approximately 7.10 kilometers. The area is composed of open waters in the open
sea, with a depth of between 16 and 60 meters. It also provides testing opportunities under ice
conditions during the winter. The entire test area has excellent data connectivity. (Eworldship,
2017b). The geographic coordinates are shown in Figure 1.

Figure 2.1: The geographic coordinates of Jaakonmeri
Source: Retrieved from MSC 99/INF.13: Establishing international test area "
Jaakonmeri" for autonomous vessels
7

2.2.1.4 The first MASS commercial company was established in Norway

It was reported that Norwegian shipping giants, Wilhelmsen and Kongsberg joined forces to
establish the world's first MASS company, “Massterly”, which is based in Lusaka, Norway in
April 2018. The company aims at providing complete value chain services for unmanned ships,
covering design, development, control systems, logistics services and ship operations. The new
company will establish a land-based control center to monitor and operate unmanned ships in
Norway and other countries. According to the latest news, Mr. Tom Eystø of Kongsberg
(Mongsberg) has been appointed as the general manager of the company and will be
responsible for leading the establishment and development of Massterly, enhancing and
strengthening the strength and competitiveness of Wilson and K.S. (Eworldship, 2018)

2.2.1.5 Japan's concept technology project for autonomous transport system

From the 20th century, Japan has been a leading country in ship building. It was reported that
the Japanese merchant ship Mitsui (MOL) announced that the concept technology project for
marine autonomous transportation systems on May 16, 2017. The project is developed in
cooperation with Mitsui Engineering and Shipbuilding and has been approved by the Ministry
of Land, Infrastructure and Transport of Japan (MLIT) as its traffic technology development
promotion project of fiscal year 2017. The research consortium involved in this project includes
the merchant ship Mitsui, Mitsui shipbuilding, the Japan National Research Institute of Marine
Technology, the Tokyo Maritime University, the Japan Classification Society, the Japan
Shipbuilding Technology Research Association and the Mitsui Shipbuilding Akishima
Research Institute. The members of the consortium will research and develop the concept of
automatic shipping technology for ships, combine the strengths of participating companies and
organizations to realize the technical development of unmanned carriers and provide reliable,
safe and efficient maritime transportation services. In addition to promoting autonomous
maritime transport system technology, the project will drive infrastructure development and
win public support for the implementation of advanced technologies through the sharing of
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advances in the research of classification societies and the maritime industry. The project will
also examine the relationship between business concepts, systems, infrastructure, and social
propulsion related to unmanned ocean-going transportation. (Eworldship, 2017c)

2.2.2.1 Key laboratory of MASS in DMU

According to the report, in July 2017, the key laboratory of joint MASS technology and system,
jointly built by CSSC, DMU, CCS, and Ministry of Transport and Maritime Transport Science
and Technology, was officially opened at Dalian Maritime University. The laboratory will
focus on common technologies, key systems, and engineering equipment involved in the
design, construction, and operation of MASS, as well as relevant regulations and standards,
and strengthen cooperation deeply in the fields of MASS (DMU, 2017). On April 27, 2018,
Dalian Shipbuilding corporation and DMU signed a strategic agreement for the cooperation in
innovation of MASS technology. Through all-round and multi-field cooperation in MASS
technology research, the agreement strives to achieve a breakthrough in key technologies and
promote China's MASS technological progress as well as related disciplines and personnel
training in this area. (DMU, 2018)

2.2.2.2 CCS and its specifications and guidelines for MASS

In 2015, CCS promulgated Rules for Intelligent Ships, which took effect from March 1, 2016.
It classifies intelligent ships into six functional modules: smart navigation, intelligent hull,
intelligent engine room, intelligent energy efficiency management, intelligent cargo
management and intelligent integrated platform. It is the technical specification in the world to
cover the life cycle of a smart ship from design, construction to operation.
To specify technical requirements, CCS issued series of technical files such as Guidelines for
Survey of Intelligent Integral Platform, Guidelines for Survey of Unmanned Boat, Guidelines
for Survey of Intelligent Engine Room and Guidelines for Survey of Intelligent Efficiency
Management.
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2.2.2.3 Dazhi- the first intelligent ship of China is serving

According to the report, on December 4, M/V Dazhi, the first intelligent bulk carrier worldwide
was delivered in Guangzhou. The vessel, 38800 GT, was built by CSSC Huangpu Wenchong
Shipbuilding Co., Ltd. For the first time, the ship has independently developed the real ship of
the smart ship and put it into commercial operation. It is an innovative product of the CSSC
smart ship demonstration project and is the world's first ship applying for the smart ship symbol
CYBER- The ships of SAFE, CYBER-PERFORM and CYBER-MAINTAIN of LR. The ship
is equipped with a ship operation and maintenance system (SOMS) and an intelligent
navigation system. The SOMS system has three subsystems: smart navigation, intelligent
engine room, and intelligent energy efficiency management. Among them, the intelligent
navigation system presets more than 110 intelligent data analysis models, calculates and
analyzes the ship conditions, marine environment, and satellite navigation information of
various shipping lines, and provides comprehensive route suggestions for saving time, fuel,
comfort, and low cost. (XD, 2017)

2.2.2.4 "Jindou Yun" is not the only project of Yunzhou Intelligence

In 2017, Yunzhou Intelligence, Zhuhai Municipal Government, CCS and Wuhan University of
Technology, jointly launched "Jindou Yun" project, which means navigating on the cloud and
operating intelligently autonomy. The project is planned to be a 500-ton unmanned cargo ship
with a length of 50 meters. It is powered by electricity and has a lifespan of 500 nautical miles.
It is expected to be launched at the end of 2018, and it is expected to be the first commercial
operation in the world in 2019.
Along with "Jindou Yun" project, Zhuhai Wanshan Unmanned Vessel Offshore Testing Site
was launched. The area is scheduled to build networks, communications, navigation and radar
on islands and reefs nearby. Automatic mooring terminals and other test scenarios for system
engineering and infrastructure, multi-dimensional test and test scenarios such as autonomous
10

obstacle avoidance, collaborative formation, remote driving, autonomous operation, alert
patrol, communication tests and etc are in the plan.
Except "Jindou Yun", Yunzhou Intelligence has successfully self-developed unmanned boat
products on the spot, emphasizing the unmanned navigation, channel measurement and
accident search and rescue of unmanned boats, patrolling enforcement of special sea
conditions, and navigation management applications in the area of water transportation. For
example, unmanned boat “Agressor” served in the 34th Antarctic expedition of China. It is less
than 6 meters in length and equipped with depth sounder and current meter. Magnetometers,
side scan sonars, front sonars and other instruments can detect underwater environments, draw
underwater topography, provide optimized solutions for existing routes, and provide data for
the development of new routes. (http://www.yunzhou-tech.com )

2.2.2.5 The second testing site for MASS is in plan

On May 18, 2018, the China Smart Shipping Development Symposium was held in Qingdao's
Blue Valley. The intelligent shipping technology innovation and comprehensive experimental
base, located in Qingdao Blue Valley and jointly built by the Ministry of Transport and
Maritime Science and Intelligent Navigation (Qingdao) Technology was officially started. The
start-up area of the base is located in Qingdao's Blue Valley on the bank of Jimo Aoshan Bay
in Qingdao, north of Heshan Road, and west of Laiqing Road. The position is showed in Figure
2. The planned area is about 750 acres, and the first phase of the base start-up area will invest
about 10 billion yuan. It is planned for the end of July. Construction will begin at the
construction site, and a shipping R&D center, transportation control center, testing center,
talent training center, and academic exchange center will be established. (Eworldship, 2018)
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Figure 2.2: The position of Langu testing area
Source: Retrieved from internet. The website :
http://www.eworldship.com/html/2018/ship_inside_and_outside_0518/139318.html
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CHAPTER 3
THE DEVELOPMENT IMPETUS OF MASS
With the advancement of science and technology, large-scale and more and intelligent ships
have become an irreversible trend. At the same time, with the further exploration of the oceans,
the maritime education has broken through the previous limitations and the team of compound
seafarers has grown enormous over the decades. Under the background that both ships and
crews are getting better, what are the reasons for the development of MASS? This chapter
analyzes the development impetus of MASS one by one.

3.1 Economic factor is the primary driving force of MASS

Baumler noted that " Finality guides system's behavior in order to meet its goals but also shape
it" (Baumler, 2017, pp. 31). Profit is the ultimate goal of shipping. Guided by this goal, all
innovations and changes in the shipping industry can be traced. The rapid development of 4Eclass container ships, the emergence of super-large oil tankers and bulk carriers, and the
introduction of economic speed are guided by the maximization of profits in given period of
time. When it comes to MASS, there is no exemption.

3.1.1 MASS can reduce the labor cost

Broadly speaking, the shipping company's labor costs include crew cost and the cost of shorebased management personnel. In a narrow sense, the labor cost of shipping company means
the crew cost. Crew cost consists of salary, overtime pay, vacation, pension, travel, social
welfare and accident insurance. At the same time, in order to maintain the normal operation of
the ship, in addition to the crew’s labor cost, two or three times the crew members need to be
standby at shore to be changed at any time. The salary and benefits of these standby crew
members are also a significant cost for shipping companies. Over the past few decades, with
the increasing attention of the ILO and the International Transport Committee to the protection
of seafarers’ rights and interests, the cost of labor has been increasing faster in shipping
companies than in other costs. Ma pointed out that "For many shipping companies, human cost
expenditures are the highest among all costs " (Ma, 2017). Data from Drewry Report shows
13

that , labour costs are on average between 31 and 36% of the total ship operation costs for
bulkers in 2011. (Drewry, 2012) Rodseth and Burmeister give more specific data in Table 3.1

Table 3.1 Costs of dry bulker

Source: Retrieved from research paper Developments toward the unmanned ship, RØDSE
TH.

MASS, equipped with no crew members, will greatly reduce labor cost of shipping companies
compared with conventional ships.

3.1.2 Profits margin from changes in the structure of MASS

Due to the mandatory requirements of the MLC 2006, the ship must be equipped with
comfortable accommodation and entertainment venues, leading to an increase in the per capita
cabin area of the crew, sound insulation. As a result, the building materials of the bulkheads
becoming heavier. Besides, increased toilets and air conditioners also contribute to the increase
of light ship weight. According to the degree of autonomy, MASS equipped with no crew will
become a reality eventually. Integrating various advanced technologies, MASS will have a
totally new design compared with conventional ships.
14

It is possible to eliminate the relevant requirements of MLC 2006. The disappearance of the
crew's accommodation and conventional bridge makes it possible to exempt equipment such
as sewage water treatment systems, kitchens, furniture, warehouses, ventilation facilities, and
life-saving appliance. As a result, the capacity of cargo space can be made larger and the
vessel’s voyage capacity can be increased.

3.1.3 MASS can reduce fuel consumption

The invention of the internal combustion engine enabled the ship to enter the era of fossil fuels.
Although new fuel ships have emerged in recent years, oil is still the mainstream of ship fuel.
According to statistics, the expenditure on fuel costs is the largest item in the voyage cost of a
ship. According to oil prices and voyages at different times, fuel expenses can account for 4060% of voyage costs. In recent years, the international shipping market has consumed more
than 350,000 metric tons of fuel every year, representing a total cost of hundreds of billions of
dollars. (Ma, 2017)

3.1.3.1 Reduced light ship weight decreases the fuel consumption

It is noted that each cubic meter of cab is equivalent to an empty ship weight of 70KG.
Reducing 1% of the weight of light ship steel can reduce fuel consumption by 0.34%. In the
case of container ships and general cargo ships, assuming there are no crew members on board,
the corresponding calculation results are shown in Table 1. For container ships, the elimination
of bridge allows the ship to save 0.83 tons of fuel per day, which is equivalent to 375 US
dollars; for a general cargo ships, it can save 0.063 tons of fuel per day, which is equivalent to
saving 27 US dollars / day. (Abdelmoula etc, 2018)
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Table 3.2. Energy-saving by the elimination of deckhouse structure calculation

Source: Retrieved from the research paper Toward energy saving and environmental prote
ction by implementation of autonomous ship, completed by Abdelmoula etc.

Through the analysis of 3.1.2, MASS has a great advantage in reducing the weight of the light
ship. As a result, the fuel consumption also decreased accordingly.

3.1.3.2 Intelligent functions reduce fuel consumption

According to the Rules for Intelligent Ships, MASS has the functions of intelligent navigation
and intelligent energy efficiency management. Due to the ability of computer technology and
control technology to analyze and process the information obtained through sensing, MASS
can optimize the design of routes and speeds. Regarding the improvement of energy efficiency
management, MASS can evaluate the state of energy efficiency, navigation and loading state
of the ship through the on-line monitoring and data collection of the navigational state and
energy consumption. What's more, to improve the ship's energy efficiency management, it is
possible to provide the ship with data analysis results and support decision-making
recommendations through big data analysis, numerical analysis and optimization techniques.

In addition to the influence of ship type, the fuel consumption rate of ships is proportional to
the cube of the ship’s speed and greatly related to the efficiency of the machine. MASS has the
technical advantages of optimizing speed and improving energy efficiency management, which
in turn can reduce the cost of fuel consumption for ships.

It was reported that the trial results of the M/V "Dazhi" indicate that the intelligent systems all
meet the technical design requirements and all performance indicators meet or exceed
expectations. The ship uses high-performance three-bladed paddles and the world's first "smart
application machine" WinGD W5X52 that meets the requirements of LR and CCS. The rapid
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performance is good, and the low fuel consumption is very prominent. At the service speed,
the fuel consumption was as low as 17.67 tons/day, which was a reduction of approximately
3.6% compared to the parent ship Green Dolphin 38,800 tones bulk carrier. (XD, 2017)

3.1.4 Summary

Although the cost of advanced systems increase the construction cost of ship, the savings for
the construction costs of accommodation areas, initial installation and maintenance of
equipment, and space savings can make up. It was reported that the construction cost of YARA
Birkeland is 25 million U.S. dollars, which is about three times the cost of ordinary ships.
However, due to the adoption of pure electric and no-crew design, it will save up to 90% of the
operating cost per year by saving fuel and personnel costs. (Eworldship, 2017a)

Another case is the MUNIN project. According to the report of the project, the potential
economic benefits brought by MASS are shown in Figure X. In a base scenario the MUNIN
bulker is found to improve the expected present value by mUSD 7 over a 25-year period
compared to the reference bulker. (MUNIN, 2016)

Figure 3.1. Cost-benefit analysis of MUNIN
Source: Retrieved from the MUNIN final brochure
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All in all, MASS is expected to bring about economic benefits in the future. And that is the
primary reason for the heated topic.

3.2 MASS can make shipping safer

Safety is a constant topic in shipping industry. Although, maritime transport has a better safety
record compared with other industries. However, major accidents in the shipping industry are
often disastrous. In 1912, the sink of Titanic caused the death of more than 1,500 people. In
1967, the oil spill accident of Tory Canon caused the leakage of 120,000 tons of crude oil,
resulting a large area of pollution in the South coast of UK, France, the north coast and the west
coast of the Netherlands. In January 2018, M/V Sangchi exploded and sank in the East China
Sea after a collision with another ship, causing 32 deaths. Generally speaking, safety includes
ship safety, personnel safety and environmental safety. MASS is expected to enhance shipping
safety from the above aspects.

3.2.1 AI robots can reduce human errors

With the advancement of science and technology, the equipment on board is becoming more
and more intelligent and reliable. Although the reliability of shipboard equipment has been
greatly improved, the reliability of people has not been improved by the same proportion. But
the role of people is an important factor in shipping. Baumler said that " 60%-90% of marine
accidents are caused by human errors " (Baumler,2017). According to Figure 4, 60.5% of the
1,170 accidents that occurred in 2011-2016 were caused by human error (EMSA, 2017, p. 30).
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Figure 3.2. Distribution of accidents from 2011 to 2016
Source: Retrieved from Annual overview of marine casualties and incidents 2
017, EMSA
According to the risk management theory, risk is the integrated result of the event's result and
the cause of the event's frequency. The specific expression is shown in formula (1):
Risk (R) = Frequency of Events X Event Results (1)

Considering the contributing proportion of human factors in marine accidents, it is a perfect
choice to reduce the occurrence of maritime accidents by reducing or eliminating the important
factor of human factors. Through the verification results of the MUNIN project, assuming the
relevant technologies are mature and reliable, MASS will be equipped with advanced sensor
modules, deep sea autonomous navigation system remote support systems, and engine room
intelligent detection and control systems to eliminate or reduce the frequency of human error
and minimize the impact of human factors on shipping safety.

3.2.2 MASS can keep seafarers away from dangerous shipping
Since ancient times, shipping is one of the most dangerous industries in the world. According
to data from British research institutions, the accident rate of seafarers during the period 19762002 was 28 times that of other industries. (Roberts & Marlow, 2005) According to EMAS,
during the period 2011-2016, there were a total of 18,655 accident reports, of which 16,539
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involved casualties, 5,607 injuries and 600 deaths (EMSA, 2017). The overview of the key
figures is shown in Figure 5.

Figure 3.3. Casualties in shipping industry from 2011 to 2016
Source: Retrieved from Annual overview of marine casualties and incidents
2017, EMSA
From Figure 6, it can be seen that seafarers’ casualties accounted for 4,380, 78% of the
total among the data of casualties.
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Figure 3.4. The distribution of the casualties
Source: Retrieved from Annual overview of marine casualties and incidents
2017, EMSA

The high rate of accidents and unpredictable piracy risks make seafarers a high-risk career.
With the advent of MASS, the number of seafarers on board will gradually be reduced until
high-tech intelligent robots completely replace seafarers in this high-risk industry.

3.2.3 Advanced systems can detect risks in advance

According to the Rules for Intelligent Ships, MASS is equipped with a hull monitoring and
assistant decision-making system.
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" In connection with the distribution characteristic of hull structural stress of various ship
types, the hull monitoring system is to monitor important parameters related to the safety of
hull structures and parameters related to the sea state, generally including:
(1) Longitudinal strength of hull structures;
(2) Critical areas of hull structures, e. g. cago hatch corner of large container ships;
(3) Ship motion, e. g. rolling and pitching angle;
(4) Acceleration of ship motion, e. g. vertical acceleration and transverse acceleration;
.....

In order to implement the assistant decision-making function, different types of ships need to
be installed a sufficient number of various kinds of sensors. When the corresponding parameter
exceeds the alarm value, the assisted decision system should be able to provide an auxiliary
decision for the corresponding operation. For example, during loading and unloading of goods
in port, when the structural stress of the hull is alarmed, the system shall be able to give
instructions such as whether to continue loading and unloading cargo, adjust the loading and
unloading bay, and discharge speed.

The provision of hull monitoring systems and assistant decision-making systems enables
autonomous surface vessels to detect potential risks and improve the safety of navigation.

3.3 Green shipping requires MASS

With the emergence of global environmental problems, many countries have recognized the
importance of green technologies. The shipping sector accounts for about 3% of the world's
total energy consumption and 3%-7% of global pollution. The environmental pollution caused
by ship shipping mainly includes the pollution of cooling water, the pollution of ballast water,
the pollution of living and sanitary water, the pollution of ship's garbage, and the pollution of
ship's exhaust gas. Take greenhouse gases as an example. According to the data provided by
IMO, during the period from 2007 to 2012, the shipping sector contributed an average of 3.1%
of CO2 and 2.8% of greenhouse gas emissions respectively. (IMO, 2014)
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Table 3.3. CO2 and GHGs emissions of shipping

Source: Retrieved from Third IMO GHG Study 2014 Executive Summary and Final Repo
rt, IMO
However, due to the global nature of international shipping, IMO is obliged to make efforts to
reduce carbon emissions from the international shipping sector. Through the introduction of
energy efficiency management index and energy efficiency management plan, as well as the
use of clean alternative energy, the CO2 of the international shipping sector has dropped by
more than 10%. However, before the advent of alternative energy sources, it will become more
and more difficult to drastically reduce the proportion of CO2 in the shipping sector.

3.3.1 MASS integrates different green ship technologies

By comprehensively analyzing MASS under construction or testing, non-ballast water design,
all-electric propulsion, drag reduction design, ship-reduction technology and other green ship
technologies are integrated on MASS. Take "Yara Birkeland" as an example. Through the
design of ballast-free water, the intrusion of exotic species in ballast water on the global marine
health has been greatly reduced. By using full electric propulsion, fuel is saved. Reduced
emissions of carbon oxides and nitrogen oxides. Through new hull design, ship resistance and
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empty ship quality are reduced, fuel consumption is reduced, and energy efficiency
management index is improved. According to reports, by 2020, Yara Birkeland will transport
fertilizer products from the Yara production plant in Porsgrunn, Norway to the regional
container hubs in Brevik and Ravik, Norway. Although waterway journeys are longer than road
trips, it will reduce nitrogen oxides and carbon dioxide emissions and increase road safety by
eliminating up to 40,000 truck trips per year in densely populated urban areas. Birkeland will
not burn fossil fuels throughout its life cycle - it will use Norwegian clean hydro-electric power
to recharge during loading and unloading, which can reduce CO2 emissions by 700 tons per
year. (Eworldship, 2017a)

3.3.2 MASS improves efficiency management

On the one hand, due to changes in the hull structure, shipborne equipment has undergone
tremendous changes. And as a result of the reduction in equipment, energy efficiency can be
achieved through detailed calculations. The team of Professor Abdelmoula from the University
of Casablanca, Morocco, conducted "energy saving and environmental protection by
implementation of MASS " and gave the detailed data in Table 3.
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Table 3.4 Impact of elimination of equipment on energy saving per day

Source: Retrieved from the research paper Toward energy saving and environmental pro
tection by implementation of autonomous ship by Abdelmoula and etc.

Table 3 depicts the result of our study. Some equipment elimination results in 100% energy
saving, others are found not to be used all the time resulting in 50% reduction of its energy
consumption. The elimination of this equipment will result also in the reduction of the light
ship weight, which have an impact on the reduction of the energy consumption and reduction
GHG’s emission. (Abdelmoula and etc, 2018)

In addition, MASS can optimize the route design and reduce energy consumption throug
h intelligent navigation and intelligent energy efficiency management functions.
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CHAPTER 4
TECHNICAL BARRIERS OF MASS
Intelligence and information technology are the core features of the fourth industrial revolution,
which is affecting the shipping industry at an unprecedented speed, breadth and depth. Under
the digitization and intelligentization, the shipping industry begins to set off a spectacular wave
of intelligent phenomena. New concepts such as smart shipping, smart ships, and intelligent
management have gradually become reality and are moving forward. Although the
development of MASS has aroused great interest in the shipping industry, and many projects
are in progress, or small unmanned boats are already serving in the fields of security, aerial
survey, and environmental protection. However, technical barriers still exist for MASS before
the era comes. This paper analyzes these technical barriers and strives to provide possible
solutions.

4.1 AI needs to be mature enough and MASS calls for strong AI

4.1.1 AI needs to be mature

It was reported that the new computer program Alpha Go won the world's top Go champion,
Li Shishi, in March 2016 (Zhao, 2016). The surprising result made people wonder about the
rapid progress of AI. Alphago used the latest deep learning algorithm to complete the leap from
"computing" to "smart". This deep learning algorithm, similar to the AI learning method of the
human brain, is a major breakthrough in the field of AI. This breakthrough makes it possible
for AI to judge and operate through deep learning when faced with open issues such as weather
and environmental emergencies. This just created the conditions for the complete AI
manipulation of the ship. However, even if it solves the Go problem, it does not mean that
similar technologies can solve other problems. Problems such as visual understanding, natural
language processing, reasoning, and decision-making still exist.

Wang, a researcher at the Institute of Automation at the Chinese Academy of Sciences, pointed
out that it is undeniable that artificial intelligence exceeds humans in some areas: in 2014, face
recognition accuracy reached 98.52%, exceeding the average human recognition level
(97.53%); in 2016, the error rate of artificial intelligence in image classification tasks has
dropped to 4.94 %, the error rate identified by human eyes is about 5.1%. (Wang, 2017)
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However, these "successes" are only true in limited scene, rather than the complex
environment. Wang also noted that “The development of AI is divided into three stages: weak
AI, strong AI, and super AI. Among them, the weak AI stage refers to the machine's
appearance. In this stage, intelligence doesn't mean really having intelligence. Only when it
comes to the strong AI stage, the machine can truly reason and solve problems, and even have
self-consciousness. In super AI stage, machines are stronger in all fields than the smartest
humans ".

4.1.2 MASS needs strong AI

According to Rules for Intelligent Ships, MASS has the following intelligent characteristics.
Intelligentization is generally characterized by:
(1) Perception, i. e. the ability to perceive the outside world and obtain outside information
(2) Memory and thinking, i. e. the ability to store perceived outside information and knowledge
arising from thinking, and at the same time analyze, calculate, compare, judge, associate and
make decisions on information by making use of available44 knowledge;
(3) Learning and self-adaptability, i.e. the ability to continuously learn and accumulate
knowledge by interacting with the environment so as to be adaptable to environmental
changes;
(4) Behavioral decision making, i. e. the ability to respond to external stimulus, make decisions
and convey relevant information.

Obviously, the last three features belong to the category of strong artificial intelligence.
However, AI technology is still in the bottleneck period and cannot meet the functional
requirements of MASS. For the time being, there are the following difficulties to be overcome:

1) It is difficult to realize intelligent hazard identification and collision avoidance decision. It
is hard for AI to identify MASS from other ships not displaying right traffic lights according
to COLREG 1972 or ships not equipped with AIS shipboard equipment.
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2) It is difficult for AI to solve the collision avoidance problem between MASS that obeys the
COLREG 1972 and ships that do not comply with COLREG 1972.

3) It is difficult for AI to identify collision hazards under "special situations" arising from
Article 2.2 of COLREG 1972 and make intelligent collision avoidance decisions by adopting
"the most common practices for seafarers".

4) It is difficult for AI to learn "good ship craft" arising from Article 2.2 of COLREG 1972,
which only experts or scholars with rich navigation experience can understand.

Only on the day when the strong artificial intelligence technology is truly mature will the real
MASS sail at sea.

4.2 Information transmission security

To perceive enough information to carry out its intelligent functions, MASS is equiped with
various kinds of advanced sensors. With the use of a large number of sensors and interactive
devices on board, the system and the ship itself generate a large amount of data. Data analysis
and communication are essential for remote monitoring and control of MASS. During the
process, transmission is necessary. However, security problem is a huge threat during the
transmission of data.

4.2.1 Cyber security deserves attention

4.2.1.1 Cyber risk-- a new threat of shipping industry

In MSC-FAL.1/Circ.3, IMO defines cyber risk as a measure of the extent to which a technology
asset is threatened by a potential circumstance or event, which may result in shipping-related
operational, safety or security failures as a consequence of information or systems being
corrupted, lost or compromised (IMO,2017). In in the past two years, cyber risk is becoming a
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new threat for the shipping industry. Hackers ranked 11th on the list The annual Lloyd's Daily
list for Top 100 Influential People from Global Shipping.

On June 28, 2017, Maersk Shipping was attacked by hackers, which led to the breakdown of
computer network systems in several offices and some business units. Online booking services
and other services were interrupted, and some terminal operations were forced to close.
According to reports, this cyber-attack caused a huge loss of 250-300 million U.S. dollars to
Maersk Group. John Boles, head of the FBI’s former Global Network Operations and
Investigations Department, said earlier this year: "Maersk's encounter with the blackmail attack
is a warning sign that even industry giants like Maersk are so vulnerable." (Eworldship, 2017d)

Several months earlier than the attack at Maersk Shipping, one 8250 TEU container ship,
owned by a German ship owner, was hijacked by hackers for about 10 hours during the voyage
from Cyprus to Djibouti. The ship's IT system was completely controlled by hackers. The
hacker fully controlled the navigation system of the ship, and wanted to lead the boat to the
area easy to board and control. The crew tried to regain the control of the ship but failed.
Eventually, the ship owners had to send an IT expert to combat with hacker.

According to the results of IHS Fairplay Maritime Cyber-security Survey, cyber-attack has
various types. Figure XX illustrates the nature of cyber-attack. Malware was the most common
form of attack at 77%, with phishing coming in second at 57%. (IHS, 2016)

29

Figure 4.1: Types of cyber attack
Source: Fairplay Maritime Cyber-security Survey,2016
When it comes to shipboard equipment, the survey depicts the shipborne systems which are
most vulnerable. Figure 4.2 shows the details. Global positioning systems were named as the
most vulnerable shipborne systems, closely followed by electronic chart display and
information systems (ECDIS).

Figure 4.2: Most vulnerable shipborne systems
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Source: Fairplay Maritime Cyber-security Survey,2016
According to MSC-FAL.1/Circ.3, shipborne vulnerable systems could include, but are not
limited to
.1 Bridge systems;
.2 Cargo handling and management systems;
.3 Propulsion and machinery management and power control systems;
.4 Access control systems;
.5 Passenger servicing and management systems;
.6 Passenger facing public networks;
.7 Administrative and crew welfare systems; and
.8 Communication systems.

4.2.2 Multiple parties respond to cyber security

4.2.2.1 IMO is acting

Considering the urgent need to raise awareness on cyber risk threats and vulnerabilities, MSC
approved the Interim Guidelines on Maritime Cyber Risk Management at its 96th session in
May 2016. One year later, MSC superseded the interim guidelines contained in
MSC.1/Circ.1526 and approved MSC-FAL.1/Circ.3 at its 98th session in July 2017.The
Guidelines provide high-level recommendations on maritime cyber risk management to
safeguard shipping from current and emerging cyber threats and vulnerabilities. The Guidelines
also include functional elements that support effective cyber risk management. (IMO, 2017)

4.2.2.2 Renowned classification societies and enterprises are acting

To deal with the cyber risks and gain the absolute advantages before the era of MASS comes,
famous classification societies are sparing no effort.
DNV GL has been collaborating with KONGSBERG to develop a new type approval scheme
for the network security assessment of control system components: "Safety Assessment of
Control System Components, DNVGL-CP-0231". The test system is K-IMS, which is the core
component of the digital ecosystem of KONGSBERG. This type approval is designed
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according to the principles in IEC 62443-4-2 and IEC 61162-460, and focuses on verifying the
technical reliability and network security of the control system. (DNV-GL, 2018)

On March 26th 2018, Samsung Heavy Industries smart ship solution received ABS network
security certification, becoming the world's first intelligent ship network security technology
provider. This technology of Samsung Heavy Industry passed a rigorous review of the 16 test
items recommended by the ABS, including physical security (theft, fire and other external
threats), operating system security, access control, security control and penetration testing.
Recognized by ABS means that smart ship operators can now use Samsung Heavy Industries
solutions to protect ship data, data networks, and storage from internal and departmental cyberattack and help next-generation ships fully address cyber risks. (ABS, 2018)

4.2.3 MASS is more vulnerable than conventional ships

Autonomous navigation system, autonomous engine and monitoring control system, advanced
sensor module and hull monitoring system are the intelligent characteristics of MASS. Large
quantities of sensors will be integrated with these smart systems, which will generate huge
amount of data during the voyage of MASS. The key data will be transmitted to the onshore
control center through the maritime communication satellite, and the onshore control center
will be transmitted back to the ship via the same route. This kind of communication will be
more frequent than conventional ships. During frequent communications, hackers take every
opportunity to launch attack. In other words, MASS is more vulnerable than conventional ships
when faced with cyber-attack.

4.2.4 Quantum satellite communication technology --a new technology to escort
MASS

Although breakthrough has been made to deal with cyber security, continuous endeavor should
be made to make sure the safety of MASS. No one can imagine the catastrophic results if hacker
hijack one 8000TEU MASS. Quantum communication technology is a new security
technology and can provide possible solutions to cyber security.
32

4.2.4.1 Quantum satellite communication technology

In the classical world, the storage source can only be in the 0 or 1 state. However, in the
quantum world, a certain storage source can be in a related superposition of two states. The
uncertainty of the quantum makes the key completely random and ensures that the encrypted
content cannot be deciphered. In traditional optical communications, an optical pulse expresses
one bit of information. In this one-bit optical pulse, there may be tens of thousands of photons,
from which one signal is separated, and in order not to have a serious impact on the optical
pulse. In principle, it is completely feasible, so that the purpose of stealing signals for
eavesdropping can be achieved; and in the distribution of quantum keys, in order to exploit the
quantum nature of photons, one bit of information is carried by only “one” photons, and the
physical reality provides. In addition to the guarantee of the inseparability of the optical
quantum, the prior agreement of the encoding method, and the selection of the substring as the
key in the transmission bit string all reduce the possibility of eavesdropping, so the density of
the quantum cryptography communication is superior to the traditional one. Therefore,
quantum communication technology is a new technology to solve future information
transmission security. (Cai, 2016)

4.2.4.2 Technical barriers of quantum satellite communication technology

However, the development of quantum communication technology also has some problems.
First, in the transmission of quantum communication, since the signal cannot be amplified, the
long-distance transmission loss is too large, and the coupling with the environment may
degrade the entanglement quality, so the distance is limited. At present, quantum
communication has some limitations in terms of transmission rate and transmission distance.
Under the existing technical conditions, quantum communication can hardly exceed the
communication rate and communication distance of traditional communication methods, and
its 100-km transmission distance and Mb-level transmission rate Communication performance
is far less than the performance of fiber optic communications. To 2008. The EU officially
opened a quantum cryptography network system that covers eight users. Take a major step in
the key distribution scheme. The moment. Foreign scientists have extended the communication
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distance of optical fiber quantum key distribution to more than 300km and the highest
transmission rate exceeds 1Mb. Secondly, under the conditions of the existing technology,
theoretically ideal quantum communication protocols are still difficult to implement, and core
technologies such as single photon generation and quantum control are still imperfect, and
therefore their confidentiality is still difficult to achieve theoretical results.
It is still in the experimental verification stage. Before these technological breakthroughs,
quantum communication is still difficult to apply.

4.3 Power plant stability
According to EMSA, from 2011 to 2016, accidents caused by machine faults accounted for
25% (EMSA, 2017). Engine room is called the heart of the ship, and the stability of the power
plant has a crucial influence on the safety of the ship.

Figure 4.3: Distribution of contributing factors of accidents
Source: Retrieved from Annual overview of marine casualties and incidents
2017, EMSA
4.3.1 MASS need more reliable power plant
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In particular, in the era of MASS, whether it is suitable for ocean-going transportation or not
depends on the stability of the shipborne system, and in particular depends on whether the
stability of the power plant can meet various sea conditions. In modern times, apart from
passenger ships and some small containers, most ocean-going cargo ships only has one main
propulsion device to power the ship. Due to fuel quality, natural wear of components,
mechanical stress, vibration, and fatigue strength of the material, the main propulsion plant
needs routine maintenance. In most cases, the routine maintenance is completed when the ship
arrives at the port or when it is anchored. In the era of MASS, the maintenance of machinery
and equipment will be a difficult problem compared to conventional ships. Therefore, the
stability of the power plant is more demanding.

4.3.2 Possible ways to improve the stability of power plants of MASS

The stability of power plants is a real technical barrier of MASS. There are several possible
ways to deal with the problem.

Firstly, smart sensors can enhance the stability. The stability of the power plants can be
enhanced through the installation of various smart sensors. Take M/V "Dazhi" as example. The
ship uses WINGD's world's first W5X52 machine. This type of machine is the first intelligent
application machine that meets the classification requirements of CCS intelligent engine room.
It can optimize fuel consumption, balance the pressure and output power of each cylinder and
extend maintenance intervals automatically according to the conditions of weather and sea.

Secondly, changing the form of conventional power plants is an alternative way to improve the
stability. Electric power propulsion or full battery propulsion can be more reliable than the
conventional power plants. Not only "Yara Birkeland" but also "Jindou Yun" chooses electric
power propulsion. In addition, considering the mature experience of nuclear reactors used on
military submarines or aircraft carriers, nuclear power propulsion is a good choice in absolutely
safe areas.
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4.4 The reliability of remote control

4.4.1 Signal delay caused by Inmarsat communication mechanism

In the deep sea, the tool of the communication between ships and shore-based office is
Inmarsat. The basic process is shown as Figure 4.4: Firstly, the data is uploaded through
shipboard satellite terminals and requests are sent to maritime satellites located in geostationary
orbit. After the uploading of data and channel waiting, the maritime satellite will transfer the
data to the land relay station. After processed by the relay station, the data will be transferred
to the shore-based office. Similarly, the shore-based control center communicates with the ship
with the same mechanism.

Figure 4.4: The mechanism of Inmarsat
Source: Retrieved from www.simi.net.cn
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Table 4.1 shows the capacity and update rate of shipborne equipment. Considering the time of
data uploading, transmission, downloading, returning, receiving, channel queuing and other
factors, it takes at least 150 seconds for the entire process to be completed. In 150 seconds,
there will be many unpredictable situations for MASS. The signal of delay can be fatal for the
safety of MASS in emergent situations.

Table 4.1 Data transmission requirements

Source: Retrieved from Connectivity for Autonomous Ships: Architecture, Use
Cases, and Research Challenges accomplished by Höyhtyä1 and etc.

4.4.2 Connectivity challenges of an autonomous ship

On board, different systems and equipment produce different data. The use of a large number
of sensors will generate more data by MASS than the conventional vessels. Figure 4.5
illustrates the critical data generated by MASS.
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Figure 4.5. The critical dada generated by MASS
Source: Retrieved from Connectivity for Autonomous Ships: Architecture, Use
Cases, and Research Challenges accomplished by Höyhtyä1 and etc.

In the digital age, data storage is no longer a problem. During the voyage of MASS at sea,
unimportant data can be periodically erased through rolling memory to solve the problem of
data redundancy. The data related to ship navigation safety, power plant monitoring,
emergency lifesaving, automatic collision avoidance, and remote control need to be exchanged
through maritime satellites. However, due to the restrictions and the influence of the bandwidth
of maritime satellites, the problem of data congestion will be encountered in the future
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communications of large-scale of MASS. What's more, connectivity is another challenge in
front of MASS. Figure 4.6 illustrates the various systems which require good connectivity on
MASS.

Figure 4.6 Connectivity challenges of an autonomous ship
Source: Retrieved from Connectivity for Autonomous Ships: Architecture, Use
Cases, and Research Challenges accomplished by Höyhtyä1 and etc.
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CHAPTER 5
CONCLUSIONS

In conclusion, this paper achieved the fixed objectives. The latest status, development impetus
and technical barriers of MASS are introduced. Specifically speaking, as to the status parts, the
definition is suggested to be universal for the sake of research and international supervision.
Besides, the status of projects, guidelines or rules of some ROs, the latest development of
testing sites are introduced. When it comes to the development impetus sector, economic
analysis as well as safety and ecological potentials is conducted. Finally, representative
technical barriers in front of MASS are analyzed and possible solutions are suggested.

Findings and suggestions

Through the introduction and analysis, several key findings concerning the future work o
f MASS are given as follows.

Firstly, the definition of MASS requires uniformity. The reality that different organizations
define MASS in different ways is harmful to the future work of MASS. Considering the
international nature of international shipping, the uniformity of MASS is necessary and urgent.

Secondly, the technical specifications and requirements of testing sites require
uniformity. Jaakonmeri testing area is being operated and Wanshan testing area is in
construction. It can be predicted that more and more testing area for MASS will be constructed.
Taking into account that MASS will serve commercial shipping, it is necessary to unify the
technical standards of construction and operation of testing areas.

Thirdly, human elements deserve new attention. Although the elimination of seafarers’
involvement can enhance the safety of shipping, the human elements in the process of design,
construction and operation of MASS cannot be ignored.

Fourthly, AI technology needs top priority as well as cyber security. Strong AI technology
and quantum satellite communication technology are the cornerstones of MASS era.
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Last but not the least, research of supervision on MASS needs attention from Chin
ese government. In 2017, UK MCA issued The Maritime Autonomous Surface Ships Co
de of Practice. In May 2018, IMO started to deal with regulatory issues of MASS at the
99th session of MSC. It is high time China MSA took prospective actions to welcome t
he MASS era.

Limitations

The author is law enforcement personnel of China MSA. The lack of technical background
makes it difficult to analyze the issues professionally. As a result, quantitative analysis with
specific analysis is not enough. Data and research results are cited from different research
reports and papers. Besides, due to the words limitation, research in specific supervision
measures is not conducted. The author will continue to keep an eye on the development of
MASS and finish the research work by combining personal law enforcement experience and
relevant documents.

41

REFERENCES
Abdelmoula, etc (2018). Toward energy saving and environmental protection by
implementation of autonomous ship. IEEE. 179-180.
ABS. Future Ready: Advancing From Automated to Autonomous Shipping. Retrieved
May 1,2018 from the World Wide Web:
https://ww2.eagle.org/en/innovation-and-technology/digital/autonomy.html
Baumler, R. (2017a). Human Factors in Maritime Safety and Environment Protection.
Unpublished lecture handout, World Maritime University, Dalian, China
Cai, X. B. (2016). Quantum Reality: From Quantum Mechanics to Quantum Communication.
Journal of Dialectics of Nature. 4 (38). 61-68.
CCS (2015). Rules for Intelligent Ships. Beijing: China Communications Press
China's first Comprehensive experimental base of MASS is inaugurated in Qingdao.
Retrieved May 5,2018 from the World Wide Web:
http://www.eworldship. com/html/2018/ship_inside_and_outside_0518/13931
8.html
DMU (2017). The key laboratory of MASS technology and systems is inaugurated in DMU.
Retrieved May 1,2018 from the World Wide Web:
http://www.dlmu.edu.cn/info/1103/5061.htm

DMU (2018). China Shipping Industry Corporation cooperates with DMU in MASS
technology. Retrieved May 5,2018 from the World Wide Web:
http://www.dlmu.edu.cn/info/1103/7928.htm
Drewry (2012). Ship Operating Costs 2011-2012: Annual Review and Forecast, Drewry
EMSA (2017). Annual overview of marine casualties and incidents 2017. Retrieved May
5,2018 from the World Wide Web:
http://www.emsa.europa.eu/news-a-press-centre/external-news/item/3156-annualoverview-of-marine-casualties-and-incidents-2017.html
EMSA (2017). Overview of Key Figures. Annual overview of Marine Casualties and
Incidents 2017. Retrieved May 1,2018 from the World Wide Web:
http://www.emsa.europa.eu/news-a-press-centre/external-news/item/3156-annual-o
verview-of-marine-casualties-and-incidents-2017.html

Eworld (2017a).The world's first commercial MASS will be delivered next year. Eworlds
hip. Retrieved May 1,2018 from the World Wide Web:
http://www.eworldship.com/html/2017/NewShipUnderConstrunction_0724/13032
7.html

42

Eworld (2017b). The world's first testing site for MASS is officially operating in Finland.
Retrieved May 1,2018 from the World Wide Web:
http://www.eworldship.com/html/2017/ship_inside_and_outside_0817/131094.ht
ml
Eworld (2017c). MOL leads the research program of MASS in Japan. Retrieved May 1,
2018 from the World Wide Web:
http://www.eworldship.com/html/2017/ShipOwner_0531/128578.html
Eworldship (2017d). The latest news on hacker attacting Maersk shipping. Retrieved May
5,2018 from the World Wide Web:
http://www.eworldship.com/html/2017/ShipOwner_0628/129526.html
Eworld (2018).The senior managers of Massterly are appointed. Retrieved May 1,2018 from
the World Wide Web:
http://www.eworldship.com/html/2018/ShipOwner_0430/138719.html

Höyhty and etc (2017). Connectivity for Autonomous Ships:Architecture, Use Cases, and
Research Challenges. IEEE
IHS (2016). Fairplay Maritime Cyber-security Survey,2016. Retrieved May 5,2018 from
the World Wide Web:
https://fairplay.ihs.com/article/4275151/ihs-fairplay-maritime-cyber-security-survey
-the-results?destination=node/4275151
IMO (2014). Third IMO GHG Study 2014 Executive Summary and Final Report. Retrie
ved May 5,2018 from the World Wide Web:
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Do
cuments/Third%20Greenhouse%20Gas%20Study/GHG3%20Executive%20Summar
y%20and%20Report.pdf#search=GHG%20study
IMO (2017). Guidelines on Maritime Cyber Risk Management. Retrieved May 5,2018 fr
om the World Wide Web:
http://www.imo.org/en/OurWork/Security/Guide_to_Maritime_Security/Documents/
MSC-FAL.1-Circ.3%20-%20Guidelines%20On%20Maritime%20Cyber%20Risk%
20Management%20%28Secretariat%29.pdf
IMO (2018, 23 May).Regulatory Scoping Exercise for the use of Maritime Surface Ships
(MASS). Report of the Working Group. London

Lang, S. Y., Zeng X. G.& Zhao Y. Y. (2016). From manned mode to unmanned mode-the trend of future ships. China Ship Survey, 12, 92.
LR (2016). Cyber-enabled ships, ShipRight procedure-autonomous ships. First edition,
July 2016, A LR guidance documents.
43

Ma, S. (2017). Maritime Economics. Unpublished lecture handout, World Maritime Univ
ersity, Da Lian, China
MUNIN (2016). Research in maritime autonomous systems project results and
te
chnology potentials. Retrieved May 1,2018 from the World Wide Web:
http://www.unmanned-ship.org/munin/wp-content/uploads/2016/02/MUNIN-final-br
ochure.pdf
NFAS (2017). Definitions for Autonomous Merchant Ships. Paper presented at Norwegian
Forum for Autonomous Ships October 10, 2017
Roberts & Marlow (2005). Research on the work-related fatalities in British shipping, 19
76-2002 and its comparison to the general British workforce
Rodseth, O. J.& Burmeister, H. C. (2012). Developments toward the unmanned ship.
Unpublished research paper on MUNIN.
UNCTAD (2017). Executive Summary. Review of Maritime Transport 2017. Retrieved
May 1,2018 from the World Wide Web:
http://unctad.org/en/PublicationsLibrary/rmt2017_en.pdf

Wang, J. Q. (2017). AI technology is still at the initial stage. Retrieved May 5,2018
from the World Wide Web:
http://tech.gmw.cn/2017-07/07/content_25003529.htm

XD (2017). Dazhi, the first intelligent ship worldwide is delivered. Retrieved May 5,
2018 from the World Wide Web:
http://www.xindemarinenews.com/topic/zhinenhangyun/2017/1128/1371.html
Zhao, M. (2016). Is AI technology good enough for shipping industry. OBSERVATION.
3. 25.
Zheng, H.& Bai, X. (2015). Revealing the past and present of MASS. Shanghai Informat
ization, 5, 24-25.

44

